Transition metal complexes of a versatile polyalkoxy oxazolidinebased ligand derived from in-situ cyclization Ayaan 
Introduction
Synthesis of polynuclear transition metal complexes has gained much attention in recent years due to their promising applications in single-molecule magnets (SMMs), quantum computing, and biomimetic catalysis. [1] [2] [3] [4] Use of polyalkoxy ligands is a widely accepted strategy to synthesize polynuclear coordination complexes. [5] [6] [7] [8] [9] [10] [11] One of the popular ways to design new polyalkoxy ligands is through Schiff-base condensation between hydroxyaldehydes and aminoalcohols. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] In line with our interest in designing new polynuclear coordination complexes for studying magnetic and biomimetic properties, we coupled 8-hydroxyquinoline and tris(hydroxymethyl)aminomethane to design the desired Schiff-base ligand H 4 L 1 (Scheme 1). However, the reaction between 8-hydroxyquinoline-2-carboxaldehyde (HQC) and tris(hydroxymethyl)aminomethane (TRIS) yielded an oxazolidine derivative by in situ cyclization, and produces H 3 L 2 during the synthesis. Conventionally oxazolidines can be synthesized by condensation of β-hydroxylamine and carbonyl compounds with loss of one molecule of water followed by a cyclization step. 24 Oxazolidines are also synthesized by the reaction of aziridines with carbonyl compounds. 25 Oxazolidines are well known for their interesting properties and widely used in asymmetric synthesis as chiral auxiliaries and has pharmacological applications due to their antimicrobial and anti epileptic properties. 24, [26] [27] [28] [29] [30] [31] Use of oxazolidines as ligands have been observed in literature in past particularly for developing asymmetric catalysts. [32] [33] [34] 8-hydroxyquinoline-2-carboxaldehyde has been recently used with a range of amines to synthesize lanthanide based Schiff-base complexes. 35, 36 Here we are reporting six new complexes of H 3 L 2 with different transition metals, including three isostructural mononuclear six-coordinate complexes of Mn II (1) complex (6) . All the complexes were characterized by singlecrystal X-ray diffraction, in combination with infrared (IR) spectroscopy, electrospray ionization mass spectroscopy (ESI-MS), nuclear magnetic resonance (NMR) spectroscopy, thermogravimetric analyses (TGA), and elemental analyses. Antimicrobial activity of the complexes was tested against both gram-positive and gram-negative bacteria. Magnetic studies of the polynuclear complexes revealed that Compound 6 shows frequency dependent slow relaxation of magnetism at 2.5 K suggesting possible single-molecule magnet (SMM) behaviour.
Experimental Materials and methods:
8-Hydroxyquinoline-2-carboxaldehyde was purchased from Acros Organics and all the other chemicals were purchased from Sigma Aldrich and used without any further purification. All the solvents were purchased from Fisher Scientific and used as received. Elemental analyses (for C, H, and N) were carried out on a Perkin-Elmer 2400 series II analyzer. Fourier-transformed Infrared (FTIR) spectra were recorded over the range of 600-4000 cm -1 using Perkin-Elmer Spectrum 100 FTIR spectrometer fitted with a Perkin-Elmer Universal ATR sampling device. Thermogravimetric analyses (TGA) were carried out using TAQ5000IR Thermogravimetric analyser (TA instrument). Nitrogen purging gas flow of 10 mL min -1 and 5 °C min -1 heating ramp were used. A sample mass of approximately 5 mg was used and TA Instruments Universal Analysis 2000 software was employed to analyse the data. Electrospray ionization Mass Spectra (ESI-MS) were recorded using a Micromass Quattro Ultima Mass Spectrometer equipped with an electrospray ionization source, with a sample dissolved in methanol and injected at 10 μL/min. X-ray crystallography: Except for Compound 5 all data were collected with a Bruker D8 QUEST area detector diffractometer equipped with with MoK α radiation, a graded multilayer mirror -100 CMOS detector using an oil-coated shock-cooled crystal at 100(2) K. For Compound 5 data was collected with a Bruker APEX2 diffractometer equipped with CuK α radiation, a graphite monochromator ( = 1.54184 Å) and an APEX2 detector using an oil-coated shock-cooled crystal at 173(2) K. A multi-scan correction for absorption was applied using the program SADABS (Bruker AXS Inc., 2016). The structure was solved by direct methods by using the program XT V2014/1 (Bruker AXS Inc., 2014) and refined by full matrix least squares procedures on F 2 using SHELXL-2018/1 (Sheldrick, 2018 C-HMBC spectra were collected in addition to the 1D data on Compound 4. Spectra were phased, referenced to the residual solvent signal and processed using TopSpin v. 3.5pl7. Magnetic Studies: Dc magnetic susceptibility data (2-300 K) were collected on powdered samples using a SQUID magnetometer (Quantum Design MPMS-XL), applying a magnetic field of 0.1 T. All data were corrected for the contribution of the sample holder and the diamagnetism of the samples estimated from Pascal's constants. 38, 39 The magnetization measurements up to 5 T at 2-5 K. ac magnetic susceptibility was measured between 2 and 10 K with an oscillating field magnitude of 3.0 Oe and frequency ranging between 1 and 1488 Hz. The relaxation times were extracted from simultaneous fit of χ' ac and χ" ac using generalized Debye model.
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Antimicrobial Studies: Please do not adjust margins Please do not adjust margins bacteria and in particular against the Staphylococcus (S.) aureus (NCTC 6571) and Escherichia (E.) coli (NCCTC 12923) strains. Most of the complexes were insoluble in common solvents including water, therefore, the antimicrobial activities of 1-6 complexes and that of the free ligand H 3 L 2 were screened using the agar diffusion method. 45 The bacterial strains used in this study were stored at -70 °C. Both strains were sub-cultured on Tryptic Soya Agar (TSA) before testing. The inoculum to be tested was prepared by adjusting the turbidity of an overnight culture in water to an optical density at 550 nm equivalent to 5x10 8 
Results and discussion
All six complexes were synthesized in one-pot reactions. The ligands were synthesized in situ during the course of the reactions by refluxing a methanolic solution of 8-hydroxyquinoline-2-carboxaldehyde and TRIS in equimolar ratio. To the resulting solution the metal salts were added (four equivalent) and refluxed further for 20 minutes. Slow evaporation of the filtered solutions at ambient condition yielded crystalline products of compounds 1-4 suitable for single-crystal X-ray measurements. For Compound 5 and 6 sodium acetate and sodium azide were added as co-ligands, respectively. All the compounds were synthesized in methanol except for Compound 5 which was synthesized in a mixture of methanol and acetonitrile (1:1). Ligand: The condensation of HQC and TRIS did not produce the expected imine ligand H 4 L 1 , but further cyclized to form the oxazolidine ligand H 3 L 2 as shown in Scheme 1. To check if the cyclization process requires the presence of the metal ions the synthesis of the ligand was carried out independently from the precursor amine and aldehyde in methanol under reflux condition and without addition of any metal salts. The resulting solution was dried under vacuum and the yellow product was characterized as H 3 L 2 by IR, NMR, and ESI-MS (see S8, S15 and S17 in ESI). It proves that the presence of the metal ions is not a requirement for the cyclization process and formation of the oxazolidine ligand. However, any possible catalytic role of the metal ions is not ruled out and was not studied during this investigation. This form of the ligand (H 3 L 2 ) coordinates the metal ions with four donor atoms and present Figure 1A . The oxazolidine ligand (H 3 L 2 ) satisfies four coordination sites of the metal ion, and three of the coordination bonds are through O1, N1, and N2 on the equatorial plane and the fourth alcoholic oxygen (O3) coordinates at the axial position. A chloride ion (Cl1) coordinates to the metal ion in the trans position to this alcoholic group, and a methanol satisfies the fourth coordination site (through O2) on the equatorial plane. It is worthnoting that there are two different kinds of hydroxyl groups in H 3 L 2 and only the phenolic hydroxyl group is deprotonated. This can be easily explained by the higher acidity of phenolic groups compared to the primary alcohols due to the extra stability of the deprotonated form of phenolic hydroxyl groups gained through resonance. The bond distances between the metal ion and the coordinating atoms are given in Table 1 . It can be clearly seen that the six coordination bonds are uneven in lengths and the resulting geometry around the metal centres can be best described as slightly distorted octahedra. As a general trend the M-L bond distance decreases from Compound 1 to Compound 3 as can be seen from Table  1 . Each molecule is bonded to six neighbouring molecules by inter-molecular hydrogen bonding, as shown in Figure S1 (see ESI). This extensive hydrogen bond networks assemble the molecules in a two-dimensional network, as shown in Figure  S1 . Figure 2B . The Fe1 is coordinate to the five atoms of the metallamacrocycles, and Fe1 shares a plane with four coordinating atoms (N1N22O30O9) leaving N33 slightly above the plane. All the angles are listed in Table S5 in the ESI. Each molecule of Compound 5 is connected to the neighbouring molecules through hydrogen bonding and results into a porous threedimensional structure, with 5.9 % solvent accessible pore volume for a probe of 1.2 Å radius, as shown in Figure S2B in the ESI. 46 Reaction between 8-Hydroxyquinoline-2-carboxaldehyde, tris(hydroxymethyl)aminomethane, sodium azide, and cobalt nitrate hexahydrate produced a trinuclear cobalt complex, [ Figure 3 . 47 The coordination environment of the two types of cobalt atoms are very different. The terminal Co(III) centres have N4O2 coordination sphere, but the central Co(II) has a N2O4 coordination sphere. Its worthnoting that relatively longer Co2-N2 bonds might be a result of Jahn-Teller distortion expected for a d 7 low-spin configuration. The ∠Co1-N2-Co2
and ∠Co1-O3-Co2 angles are 93.49(9) and 97.96(7), respectively. Each molecule is weakly bonded to the two neighbouring molecules through hydrogen bonding between the terminal azide units and the N-H group of the oxazolidine ring to form an one-dimension chain, as shown in Figure S3 in ESI.
As a general observation it is worth noting that the mononuclear complexes formed only with +2 oxidation state of the first row transition metals (Mn, Co, Ni, and Zn), and polynuclear complexes were observed for metal ions with higher oxidation states and in presence of other co-ligands in this current study. , whereas a weak, aromatic sp 2 peak can be found at 
2+ species was detected for Compound 5.
However, the detection of any identifiable fragment for Compound 6 remained unsuccessful possibly due to the decomposition of the compound in solution or under ESI conditions. NMR studies: Attempt was made to look into the mechanism of formation of the ligand and to check if the presence of the metal ions is a requirement for the cyclization process. The ligand solution was evaporated at reduced pressure prior to addition of any metal ions, and the crystalline yellowish solid was analysed by NMR spectroscopy, which clearly showed the peaks corresponding to the oxazolidine ligand (see Figure S15 in ESI), indicating that the presence of the metal ion is not a requirement for the cyclization process. However, any possible catalytic role of the metal ions is not excluded. The zinc complex (Compound 4) was also analysed with NMR spectroscopy and the peaks corresponding to the oxazolidine were assigned as shown in the 2D NMR spectra shown in Figure 4 . The susceptibility plot for Compound 6 is presented in Figure  5B showing that the χ M T value of 3.04 cm 3
•K•mol -1 at 300 K, which is consistent with the presence of one isolated paramagnetic Co(II) centre. Upon decreasing temperature, the χ M T product continuously decreases and reach the value of 2.00 cm 3 •K•mol -1 at 2 K. Such temperature dependence of the magnetic susceptibility is typical for mononuclear Co(II) 
Please do not adjust margins
Please do not adjust margins compounds and is related to presence of important magnetic anisotropy. [50] [51] [52] [53] To determine the anisotropy parameters the magnetization plot ( Figure 5B , inset) was fitted using the following Hamiltonian: Dynamic magnetic properties of the trinuclear cobalt complex (6) were investigated. At zero dc field, no out-of-phase (χ" ac ) signal was observed. Applying a small dc field of 2000 Oe a signal in χ" ac can be detected. The ac data were fitted using an extended Debye model [42] [43] [44] for two relaxation processes ( Figure 6 ). The model with one relaxation process does not give satisfactory fit. The presence of two relaxation process in several mononuclear Co(II) complexes have been previously observed. [55] [56] [57] [58] [59] The analysis of temperature dependence of relaxation times at dc field of 2000 Oe reveal an energy barrier of slow magnetic relaxation of 5.1 K with τ 0 = 2*10 -5 (see figure S24 in ESI) which is much smaller than the zero-field energy gap of magnitude 2D as predicted by the static magnetic measurements. This discrepancy excludes the Orbach relaxation process and suggests the direct spin phonon relaxation or Raman mechanism of relaxation in 6.
60-62
Antimicrobial studies: Bacterial resistance development has become a serious clinical problem for many classes of antibiotics. Oxazolidinones are a unique class of synthetic antibiotics, that are active mainly against Gram-positive organisms, but they also display modest activity against certain gram negative. The effect of the presence of the ligand H 3 L 2 and all six complexes (1-6) on the bacterial growth on the Müller-Hinton agar plates is shown in Figure S25 in the ESI. The antibacterial activity of the ligand and its complexes against S. aureus and E. coli is presented as zone of inhibition in mm, and the results are given in 
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